Abstract Understanding the growth and changes in urban environments are the most dynamic system on the earth's surface is critical for urban planning and sustainable management. This study attempts to present a space-borne satellite-based approach to demonstrate the urban change and its relation with land surface temperature (LST) variation in urban areas of Klang valley, Malaysia. For this purpose an object-based nearest neighbour classifier (S-NN) approach was first applied on SPOT 5 data acquired on 2003 and 2010 and subsequently five land cover categories were extracted. The overall accuracies of the classified maps of 2003 and 2010 were 90.5 % and 91 % respectively. The classified maps were then used as inputs to perform the post classification change detection. The results revealed that the post-classification object-based change detection analysis performed reasonably well with an overall accuracy of 87.5 %, with Kappa statistic of 0.81 %. The changes represented that the urban expanded by 10 % over the period, whereas the urban expansion had caused reduction in soil (1.4 %) and vegetation (11.4 %), and growth in oil palm (2 %), and water (0.7 %). Additionally decision tree method was used to derive the surface heat fluxes from thermal infrared Landsat TM and ETM+bands. Subsequently, a comparison was made with classified result from SPOT 5 images. Results showed high correlation between urban growth and LST.
Introduction
Land use/land cover change (LULC) describes the modification of surface of the earth because of the activities that are related to the human action or ecological process (Zhang 2011) . During last decades, urban areas had faced rapid growth due to huge investment on these environments. It is possible to determine the environmental and socio-demographic impacts of these changes in LULC using remote sensing (RS) techniques. Impacts of urban areas on their surroundings in terms of energy and resources are very high, while small portion of the earth is covered by them (Jacobson and Ten Hoeve 2012) .
In urban planning studies, many research have been done on different applications such as analyzing of urban change (Grey et al. 2003; Jensen 2007; Yuan 2008) , LULC assessment (Xiao et al. 2006) , and urban heat-island (UHI) (Zhou et al. 2008; Bhaskaran et al. 2010) . The main focus of urban change detection is to measure the variation and changes that happen in urban environment and their relationships to the growth of the demand on facilities and services in urban areas.
For a sustainable management of urban areas and evaluation of the impacts of urbanization on environment, there is a need to monitor the spatial components of urban areas (Sudhira et al. 2003; Haregeweyn et al. 2012) . For this purpose, RS techniques provide spatial and other types of information about features and their characteristics. RS images can be sourced from different dates to be compared in order to monitor, detect and analyze the changes in LULC during a period of time. By using multi-date imagery, mapping of LULC has been improved during the past decade (Jensen 2005) .
LST has direct effect on physical, chemical and biological properties of the Earth. There is a strong correlation between LST and urban growth because thermal properties of urban area are warmer than nonurban areas. This phenomenon is called UHI (Pu et al. 2006) . In many big cities, urban areas can produce heat islands, which happened due to reflection of solar radiation from roads and buildings. The development of heat island has direct impact on energy requirement, air quality and health (Kato and Yamaguchi 2005; Xu et al. 2010) . The main goal of this study is to extract urban and vegetation features using an object-oriented classification method and subsequently to compare the results with temperature extracted from thermal band for urban areas of Klang valley, Malaysia.
Previous Studies
Based on the aforementioned literature, SPOT 5 data is one of the main source of information which has been commonly used to detect the changes in an area that contains small features and suitable for mixed classes like urban environments (Huang and Ni 2008; Davranche et al. 2010; Longbotham et al. 2012) . Similarly, other remote sensing data such as Indian Remote Sensing Satellite (IRS-P6) has been widely used in urban related studies (Gupta and Jain 2005; Joshi et al. 2006; Chander et al. 2008; Tiwari et al. 2009; Rahman et al. 2011) .
Many methods have been proposed in the RS literature to analyze changes over a period of time (Coppin et al. 2004; Lu et al. 2004; Rahman et al. 2012) , and each method can affect on the results of the processes involved: post classification comparison, image regression, principal component analysis, image ratioing, image differencing, change vector analysis and many other techniques.
Post-classification comparison is a change detection method which is based on comparing the images which are classified separately, and the accuracy of each classified thematic map has direct impact on the precision of the change detection (Coppin et al. 2004) . Usually post-classification change detection method produces high accurate statistics (Lu et al. 2004; Mas 1999; ) . The post-classification reduces the calibration problem such as atmospheric and sensor errors of the images acquired from different dates. It produces from-to change information which is important to understand the case and condition of the change (Aguirre-Gutiérrez et al. 2012) .
As mentioned previously, for post-classification comparison, classified images are needed to use as an input for the process of change detection analysis. The accuracy of the results for individual date classifications has direct impact on the accuracy of post-classification comparison change detection (Zhang 2011 ). Classification of images has been mostly carried out by per-pixel method, i.e. spectral information of each pixel is used to produce LULC categories. Unlike pixel based methods, object-oriented methods segments the image into homogeneous objects and classifies these objects using spectral, spatial, textural, relational and contextual methods (Matinfar et al. 2007) . Recently, there is a huge shift of attention towards object-based methods due to its advances in image segmentation techniques and thus providing more accurate and trustable results (Desclee et al. 2006) .
Object-based classifiers carry much more useful information and the basic of its process units are objects. Various features such as shape, size, tone/color, texture, shadow, site, association, pattern of the objects are the main characteristics of the features that can be used for object-based classification (Duro et al. 2012) . Object-oriented method can reduce the effect of noise, and has higher classification accuracy and more efficient than pixel based method. In many studies it is stated that the result of objectoriented method is much easier to understand and explain (Huang and Ni 2008) .
The main objective of this research is to use an object-based classification and post-classification change detection method to map and monitor LULC changes in urban areas of Selangor which has experienced high urban growth over the last decade. If the current urban sprawl is not controlled by proper means, it may create huge ecological imbalance in the local environment. For suitable management, the first step is to detect the amount and direction of changes in the area. The results of change detection can be used to study the changes and it's relation with temporal and spatial variations of LST (Pu et al. 2006; Suribabu et al. 2012 ).
Study Area
The study area is located in Malaysia, Klang valley which is part of Selangor State (Fig. 1) . Selangor is one of the 13 states on the west coast of Peninsular Malaysia and lies between 101°28′50″-101°54′00″E and 02°48′52″-03°18′14″ N which covers an area of about 1,750 km 2 . Because of its geographical location, the study area receives heavy rainfall and the highest temperature is between 29°C and 32°C and the average humidity is between 65 % and 70 % along the year except in June, July and September (Malaysian Meteorological Services Department; Althuwaynee et al. 2012 ).
Data Used
Two types of sensor data i.e. SPOT 5 HRG and Landsat images were used in this research. For the purpose of change detection SPOT 5 images from 23rd January 2003 and 3rd May 2010 were acquired with spatial resolution of 10 × 10 m with four spectral bands. Additionally two scenes of Landsat ETM+ and TM images, dated 11th February 2002 and 22th January 2009 were used effectively to identify the spatial distribution characteristics of surface temperature in the study area. Band 6 and Band 61 of TM and ETM+ respectively, were analyzed with respect to the surface temperatures. For Landsat ETM+, there are two thermal bands namely B61 and B62 which provide an expanded dynamic range and lower radiometric resolution (sensitivity), with less saturation at high Digital Number (DN) values (Irish 2000) . The LULC classification image and the surface temperature images were then compared to understand the relationship between the LULC types and the temperature patterns in the city. Also it should be mentioned that for 2002 image the 
Methodology Used

Pre-Processing
In this study, there was no need to perform the radiometric correction for SPOT 5 data because the used method of change detection was post classification comparison, in which the images were classified and compared separately (Chen 2008) . The Landsat TM and ETM+ images were geometrically corrected; in addition, the SPOT 5 images were georeferenced to each other using the georeferencing tool in ArcGIS software. Entire data sets have the same geographic coordinate system with the datum of WGS 84 with same projection to avoid misregistration errors. Also, in this study SPOT 5 data from 2010 (originally 9.5×9.5 m resolution) was resampled to 10 m using the nearest neighbour method in order to have consistency with the 2003 scene.
Image Classification
The proposed change detection method is a postclassification object-based technique, applied on both SPOT 5 images from 2003 and 2010. Five land cover classes were used: 1) urban area, 2) soil, 3) water, 4) oil palm, and 5) other vegetation. Image classification was performed using object-oriented standard nearest neighbour classifier. First the images were segmented into objects. The initial step in object-oriented classification is grouping or segmenting pixels into meaningful classes and it is the first step in object-based classification (Rejaur Rahman and Saha 2008) . For this purpose, multi-resolution segmentation approach was applied in e-Cognition 7.0 software, and in the next step they were merged based on the similarity of the segments (Tehrany et al. 2013) .
In this research, for proposed classification approach the following segmentation parameters were used: fine scale parameter of 30 was chosen by visual interpretation of the image segmentation results. Shape = 0.1 and compactness = 0.5, and equal weights for all bands were used for other segmentation parameters. Standard nearest neighbour (SNN) classifier was used as classifier during the classification process. For each land cover class, image objects samples were selected on screen using high-resolution imagery available in Google Earth as reference data. The results of object-oriented classification were exported to a thematic raster layer with all of the 5 classes for both years.
Classification Accuracy Assessment
An accuracy assessment of the classification results of 2003 and 2010 was carried out using reference data chosen from visual interpretation using Google earth and in-situ measurements by ground surveying with a geodetic Global Position System (GPS) receiver. Confusion matrix was used to create the random points in the Definiens Cognition7.0 software, for validation purpose.
Post-Classification Change Detection
To explore the changes in the study area for the past 7 years, multi-date post-classification comparison change detection was accomplished using objectoriented classification approach. The advantage of this method can be its ability for minimizing the impacts of variations in atmosphere and differences in sensors (Serra et al. 2003) . The first step in the change detection analysis was the specific numbers representing the feature types (i.e. urban area = 1 & soil = 3 … etc.). The next step was performed in ArcGIS 9.1 using raster math tools. The Minus function was used to minus 2003 form 2010 then every new value was calculated representing a specific change. The value of zero represented no-change data. Subsequently, it was possible to find the original values of the features. A total of 21 classes, containing 15 change group and the class belong to no change, were used for change detection process.
Change Detection Accuracy Assessment
To assess the accuracy of the post-classification comparison methods, samples were chosen from change detection maps to check the correctness of the classification using reference data. For accuracy assessment, sub-classes relates to each land cover type were combined to make one class which represents all of the subclasses. For example, the four classes relate to "to urban", which were oil palm-urban, water-urban, other vegetation-urban, soil-urban, were combined to make one class "to urban". In the next step, accuracy assessment was implemented for six classes with respect to changes and no-change, using 359 random sample points. Subsequently a confusion matrix was established to determine user, producer, overall accuracy and kappa coefficient.
Land Surface Temperature
The thermal band images of Landsat TM and ETM+ were used to map the LST of urban environment in Klang valley using decision tree (DT) classifier. Decision tree is non-parametric, hierarchical classification, with an objective to break down and analyze each characteristic in every band depending on decision makers' idea and certain rules.
TM thermal band 6 and ETM+ band 61 (10.4-12.5 μm) have spatial resolution of 120 m and 60 m respectively. In this study, the classified LST was produced using the ENVI 4.7 program in three steps. The first step was to calibrate the thermal band to change the DN into the radiance and then in the second step, the radiance was transferred into LST using the equation below:
where: T is the degree in Kelvin (C°+273.15), CV R is the cell value as radiance, ε is emissivity (typically 0 . 9 5 ) , K 1 i s 6 0 7 . 7 6 a n d 6 6 6 . 0 9 i n m W cm −2 sr −1 μm −1 for Landsat Tm and Landsat ETM+ respectively, and finally, K 2 is 1260.56 and 1282.71 in kelvin for Landsat Tm and Landsat ETM+ respectively (Zemba 2010) . Band math tool in ENVI 4.7 software was used to perform these two steps. Then the resulted images were classified into different classes of temperature using the DT classification (Fig. 2) . The classes of temperature (K°) were (<290, 291-295, 296-300, 301-305 and >305). This operation was done on both the images.
Results and Discussion
Classification Results
Five land cover classification results were acquired from SPOT 5 images. The thematic maps are shown in Fig. 3 Table 1 shows the areas of water and other vegetation which has increased, whereas, soil and oil palm has decreased during the 7 years of investigation.
Land Cover Classification and Change Detection Analysis
The accuracies for classified maps, which were made by confusion matrices, are listed in Table 2 . For years (2003 and 2010) , user and producer accuracies were high for all the classes. The overall accuracies for 2003 and 2010 were 90.5 % and 91 %, respectively, and statistics represented 0.87 Kappa for both years. The thematic representation of land cover change which was derived from post-classification change detection using object-oriented approach (S-NN) is shown in Fig. 4 .
Change Detection Accuracy Assessment
In this study accuracy assessment was carried out using error matrix. Results of the accuracies for the change map derived from the object-oriented classification process are listed in Table 3 . The overall accuracy and Kappa statistic are 87.5 % and 0.81, respectively. The range of the producer's accuracies of all the classes was from 74.3 % to 96.1 %. The results indicate high level of user's accuracies for all the classes, except for the class of "To oil palm", by 68.4 % accuracy.
Impact of Urbanization on Land Surface Temperature
The outputs of decision tree classification applied on Landsat images (thermal band) for both 2002 and 2009 is shown in Fig. 5 . As it can be seen in Figs. 3 and 5, the results indicate the close relationship between UH and land use. The classification statistics reveal that the density of the urban areas has been increased significantly. The effect of urbanization is clearly evident through the decrease of vegetation and soil. The LST is calculated based on the radiance algorithm using the ENVI 4.7 software tool. The results of LST indicate the increment of UHI as shown as red colour in the image. The black colour is shown as the cloud in image which has very low temperature and the blue colour demarcates the lower temperature in the study area. Most of the area that had the temperature between (291-295 K°) and is shown by green color in 2002 has been changed to a greater level and it is illustrated by the The orange area represents the temperature lower than the red one which also can be related to the urban area with low activities like the road or the low density built up area.
The proposed object-oriented method used in this research affirmed its suitability for applying the accurate classification on RS data in urban areas, which cannot be obtained by pixel-based method. The object based classification method has the ability to build the classes of objects in complex environment, which pixel-based methods fail to provide this advantage. Variety in spectral and spatial of the different features in urban area makes it difficult to be analyzed via pixel-based RS (Bouziani et al. 2010) . Even if high resolution data is used, there is still some limitation in detecting the changes using only spectral information. It can be related to the similarities of the spectral information of different land cover types.
As mentioned previously, the accuracy of each classification has direct effect on the precision of the post- Another factor that has negative impact on the change detection's results is related to the mis-registration of images. As statistics of accuracy assessment for change Fig. 4 Land cover change map, derived from an object-oriented change detection approach (S-NN) detection were indicated, "To oil palm" class had lower accuracy than others and the reason can be related to one of these two factors. Post-classification change detection has the ability to decrease the errors made by misregistration, but the results obtained in this study showed that errors made by mis-registration still has important impact on the results. It should be mentioned that, the computation of an object-based method is relatively fast and the proposed post classification change detection method has produced accurate results for all the categories to present the changes in land cover of urban area. Spatial distributions of surface temperature demonstrated that there is a positive and close relationship between the heat islands and urban growth, whereas there is a negative relation between LST and vegetation. For that reason, the urban planners and developers should pay attention to the urban climate specifically while working on urban design and growth. RS can help urban planners in developing the urban areas which can be useful to analyze the LULC change and to have plan in a way that have less growth in heat islands. Improvement of the accuracy of the results was achieved by adopting the spatial, textural, relational and contextual information of the objects which proved the efficiency of the employed method. Also, it has been demonstrated that the proposed object-based change detection method used in this study was very efficient to detect the changes during the period of investigation.
Conclusion
The aim of this research was to assess the relationship between the LULC and LST using RS techniques. Object-oriented (S-NN) was used to produce the LULC information as an input for change detection analysis. At the same time LST was retrieved from Landsat TM and ETM+ imagery. Finally the results from change detection and LST analysis were evaluated and the relationship was assessed.
The overall accuracies of classification for 2003 and 2010 were 90.5 % and 91 %, respectively, and statistics represented same Kappa coefficients of 0.87 for both years. It showed that using additional information such as spatial, textural, relational and contextual, much more accurate results can be achieved. Also this study has indicated the effectiveness of this additional information to detect the changes in urban areas based on SPOT 5 images. Results of post-classification comparison change detection were acquired by the overall accuracy of higher than 87 % and kappa statistic of 0.81. Analysis of DT classification represented the close relationship between the urban expansion and LST growth.
The resultant maps produced in this study may be useful for planning and environmental studies for LULC change analysis or to update of current maps and spatial information, and resource management. The results achieved by change detection can be used by governments, agencies and planners to know which operation should be used for various purposes such as urban growth monitoring. This kind of study can be applied to regional areas where field investigations are not easy and time consuming. The proposed objectbased method can be replicated and applied to other types of satellite sensor data and different study areas.
